Replication timing-related and gene body-specific methylation of active human genes.
Understanding how the epigenetic blueprint of the genome shapes human phenotypes requires systematic evaluation of the complex interplay between gene activity and the different layers of the epigenome. Utilizing microarray-based techniques, we explored the relationships between DNA methylation, DNA replication timing and gene expression levels across a variety of human tissues and cell lines. The analyses revealed unequal methylation levels among early- and late-replicating fractions of the genome: late-replicating DNA was hypomethylated compared with early-replicating DNA. Moreover, late-replicating regions were gradually demethylated with cell divisions, whereas the methylation of early-replicating regions was better maintained. As active genes concentrate at early-replicating regions, they are overall hypermethylated relative to inactive genes. Accordingly, we show that the previously reported positive correlation between gene-body methylation (methylation of the transcribed portion of genes) and gene expression is restricted to proliferative tissues and cell lines, whereas in tissues containing few proliferating cells, active and inactive genes have similar methylation levels. We further show that active gene bodies are hypermethylated not only compared with inactive gene bodies, but also compared with their flanking sequences. This specific hypermethylation of the active gene bodies is severely disrupted in cells of an immunodeficiency, centromeric region instability, facial anomalies (ICF) syndrome patient bearing mutated DNA methyltransferase 3B (DNMT3B). Our data show that a high methylation level is preferentially maintained in active gene bodies through independent cellular processes. Rather than serving as a distinctive mark between active and inactive genes, gene-body methylation appears to serve a vital, currently unknown function in active genes.